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1.0  ABSTRACT  (continued  froih  '  uf  DD  Fon.:  173) 

3 .  ^cloning  and  DNA  sequence  analysis. 

We  have  expressed  the  cDNA  encoding  different  antigens  of  dengue-2  virus  in  E.  coli  as 
fusion  protein  to  ^-galactosidase.  The  regions  that  were  expressed  include  the  C-terminal  portion 
of  E,  NSl,  NS3  and  ..NS 5.  These  fusion  proteins  have  been  purified  by  affinity  column 
chromatography. 'i^e  purified  protein  was  used  to  immunize  rabbits  to  produce  polyclonal 
antisera. 

.3 .  The  recombinant  fusion  polypeptides  were  analyzed  by  SDS  -polyacrylamide  for  their  sizes 

and  immunoreactivities  with  the  polyclonal  mouse  ascites  hyper  immune  sera,  as  well  as,  with  the 
monoclonal  antisera  against  NS  1  and  E. 

-fr."  The  fusion  constructs  expressing  E  and  NSl  were  verified  by  DNA  sequence  analysis  to 
map  the  region  which  is  fused  with  the  reading  frame  encoding  P-galactosidase.  r  ,  .  3 . 
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2.0  FORWARD 

The  investigators  have  abided  by  the  National  Institutes  of  Health  Guidelines  for  research 
involving  Recombinant  DNA  molecules  (April  82)  and  the  Administrative  Practices  Suppliments, 
as  indicated  in  the  Memorandum  of  Understanding  and  Agreement,  approved  by  the  Institutional 
Biosafety  Committee  and  N.I.H. 

citations  of  conunerclal  organizations  and  trade  names  In  this  report  do 
not  constitute  an  official  Department  of  the  Army  endorsement  or  approval  of 
the  products  or  services  of  these  organizations. 


3.0  INTRODUCTION 


Progress  Report  (September  15, 1986-September  14, 1987)  can  be  divided  into  two  major 
sections,  focussing  on  the  overall  goal  of  1)  determining  the  complete  sequence  analysis  of  dengue 
virus  genome  and  2)  the  expression  of  the  cloned  genes,  especially  the  surface  glycoprotein  E  in  E. 
coli. 

Section  I:  Characterization  of  the  cDNA  clones  by  Southern  hybridization  and  DNA  sequence 
analysis  were  carried  out.  The  primary  sequence  was  compared  with  those  of  other  published  DNA 
sequences  of  flavivirus  genomes,  such  as  Yellow  fever  virus  ,  Murray  Valley  Encephalitis  virus, 
West  Nile  virus,  Japanese  Encephalitis  virus.  Four  cDNA  clones,  pRP2,  505,  A4  and  B2  were 
carried  out 

Section  II:  Expression  of  open  reading  frame  DNA  from  pRP-2  encoding  C-terminal  region  of 
E  and  N-terminal  region  of  NSl,  pVVl  encoding  the  N-terminal  region  of  NS3,  #505  clone, 
encoding  the  C-terminal  region  of  NS3  and  the  clone  A4,  encoding  the  NS5  protein  were  carried 
out.  The  methodology  used  for  expression,  purification  of  the  polypeptides  fused  to  P- 
galactosidase  and  immunization  of  the  rabbit  with  the  purified  proteins  for  polyclonal  antisera  will 
be  described  under  this  section. 
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’  4.0  Body  of  the  Report 

Section  1:  Characterization  of  the  cDNA  clones  by  Southern 

hybridization  and  DNA  sequence  analysis 

a.  Rationale: 

One  of  the  overall  objectives  of  the  contract  proposal  is  to  sequence  the  entire  dengue-2 
virus  genome.  During  the  last  ANNUAL  REPORT  [between  September  14,  1985-September  14, 
1986],  the  DNA  sequence  analysis  of  the  regions  defined  by  the  clones  pVV9,  pVVl,  and  pVV17 
was  carried  out  (Fig.  1).  The  region  sequenced  totalled  4600  nucleotides.  The  clones  pVV9  and 
pVV  1  overlapped  by  about  450  nucleotides,  whereas  pvvl7  and  pVVl  did  not.  When  the  sequence 
data  was  compared  to  that  of  Yellow  fever  virus  genome,  it  was  found  that  the  composite  sequence 
of  pVV9  and  pVVl  spanned  a  region  from  the  C-terminal  NSl  to  the  N-terminus  of  NS3. 
However,  pVV17  clone  encoded  a  segment  of  the  polyprotein  from  ns4b  in  the  upstream  region, 
all  the  way  upto  N-terminus  of  NS5  (Yaegashi  et  al.,  1986).  Therefore,  it  was  necessary  to  fill  the 
gap  between  pVVl  and  pVV17,  as  well  as  get  the  complete  sequence  of  NSl.  The  sequence 
analysis  of  additional  cDNA  clones  and  comparison  of  the  sequence  data  with  other  flavivirus 
genome  sequences  showed  that  the  sequenced  region  mapped  in  the  C-terminus  of  E  glycoprotein, 
all  of  NSl,  ns2a,  ns2b,  NS3,  ns4a,  ns4b  and  upto  528  amino  acids  in  the  NS5  coding  region. 
The  total  region  sequenced  comprised  of  7446  nucleotides  which  is  about  74%  of  the  viral 
genome.  This  sequence  data  is  reported  here. 

b.  Experimental 

1. Screening  of  Dengue-2  cDNA  clones  by  Southern  Hybridization. 

During  this  period,  many  of  the  recombinant  clones  generated  in  our  laboratory  were  further 
characterized  by  Southern  hybridization  using  specific  probe.  The  probes  used  were  chosen  from 
regions  of  DEN-2  genome  which  had  already  been  sequenced  such  as  pVV9,  pVVl,  and  pVV17 
cDNA  clones.  A  new  cDNA  clone,  pRP2,  which  was  generated  by  Dr.  Robert  Putnak  of  Walter 
Reed  Army  Institute  of  Research  which  mapped  5'  to  pVV9  clone  (see  Fig.l)  was  also  used  as  a 
probe  for  Southern  hybridization  to  screen  the  clones  generated  in  our  laboratory.  The  results  of 
the  hybridizations  are  shown  in  Table  I.  We  have  identified  among  our  clones  those  which 
specifically  hybridized  to  pRP2,  pVV9,  pVVl,  or  pVV17  probes  which  suggested  the  location  of 
these  clones  in  the  DEN-2  genome  map  (Fig.  1). 


2.  DNA  sequence  analysis  of  the  clones  pRP2,  #505,  A4  and  B2. 

The  cDNA  clone,  pRP2  was  generated  by  Dr.  Robert  Putnak  of  Walter  Reed  Army  Institute  of 
Research  using  the  oligodeoxynucleotide  primer  synthesized  in  our  laboratory  from  the  sequence 
data  of  pVV9  cDNA  clone.  The  sequence  of  the  primer  used  is  GTAGTCATCATCAAT  which  is 
complementary  to  the  dengue-2  RNA  in  the  putative  coding  region  of  ns2a  (from  nucleotide 
number  of  572  to  586  in  Fig.3  of  Yaegashi  et  al.,  1986).  The  cDNA  clone  pRP2  which  is  2  kb 
long  was  obtained.  It  was  then  subcloned  into  pUC18  plasmid,  so  that  the  inserts  were  of 
amenable  size  for  DNA  sequence  analysis.  For  example,  the  Bam  HI  fragment  (500  bp),  Eco  RI 
fragments  (El  and  E2, 550  bp  and  800  bp,  respectively),  and  Pst  I  fragment  (1  Kb)  were  cloned  at 
the  polylinker  site  of  pUC  18.  pRP2  clone  which  is  2  kb  long  was  also  subjected  to  Bal-31 
digestion  to  get  sequential  deletions  from  one  end  of  the  cDNA  to  get  overlapping  sequence  data. 
This  approach  has  been  used  sucessfully  in  our  laboratory  and  the  sequence  of  pVV9,  pVV  1  and 
pVV17  clones  were  carried  out  by  this  approach.  Dr.Putnak  sequenced  this  clone  by  using 
Sanger's  didexy  chain  termination  method  and  a  few  errors  produced  in  each  method  were  cross¬ 
checked  and  corrected.  Both  strands  of  DNA  were  sequenced.  The  strategy  used  for  this  clone  is 
shown  in  Fig.  2.  Similar  approach  was  used  to  sequence  the  other  three  cDNA  clones  by 
Maxam-Gilbert  method. 

Additional  sequence  analysis  of  cDNA  clones,  #505,  A4  and  B2  were  carried  out. 
Hybridization  data  shown  in  Table  I  indicated  that  the  clone  #505  hybridized  with  both  pVVl  and 
pVV17  clones.  A4  is  a  ~1.7  kb  cDNA  clone  which  hybridized  with  pVV17  (see  Table  1). 
Similarly,  B2  hybridized  with  A4  but  not  with  pVV17.  The  order  of  the  cDNA  clone  from  the  5' 
to  the  y  terminus  of  Dengue  2  genome  is  pRP2-pVV9  (pVV18)-pVVl-#505-pVV17-A4-B2. 
Sequence  analysis  at  the  termini  of  A4  and  B2  confirmed  this  order  and  revealed  the  extent  of  the 
overlap.  A4  overlapped  to  the  extent  of  1.1  kb  with  pVV17  and  B2  overlapped  with  A4  about  100 
bp.  In  addition,  one  terminus  of  B2  extends  to  about  220  bp  3'  to  A4.  Sequence  analysis  of  all 
these  clones  revealed  that  a  total  of  7448  nucleotides  formed  one  long  open  reading  frame  from 
one  terminus  of  pRP2  to  that  of  B2  clone.  The  composite  nucleotide  sequence  of  all  the 
overlapping  clones  is  shown  in  Fig.  3. 

3.  Amino  Acid  Sequence  Deduced  From  DNA  Sequence 

The  amino  acid  sequence  deduced  from  the  DNA  sequence  is  shown  in  Fig.  4.  The 
composite  nucleotide  sequence  of  the  clones  which  is  7448  bp  gave  one  long  open  reading  frame 
which  spanned  the  entire  length  of  7448  bp.  This  result  suggested  that  all  cDNA  clones,  pRP2, 
pVV9,  pVVl,  #505,  A4  and  B2  are  from  the  region  of  RNA  which  codes  for  a  polyprotein 
precursor  from  which  the  structural  and  non- structural  proteins  are  processed  (Rice  et  al,  1985). 
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4.  Comparison  of  NS  I  Among  Various  Flaviviruses. 

a.  Rationale. 

NSl,  formerly  called  NV-3,  is  a  virus-encoded,  non-structural  glycoprotein  first  described 
as  a  soluble,  complement  fixing  antigen  in  dengue-infected  tissue  culture  supernatants  and  in  the 
serum  of  dengue-infected  mice  (Brandt  et  al.,  1970).  In  addition  to  its  soluble  form,  NSl  is  also 
expressed  on  the  surface  of  the  infected  cells.  NSl  may  play  an  important  role  in  the  immune 
response  to  dengue  virus  infection  since  passive  or  active  immunization  can  protect  mice  against 
lethal  vins  challenge  (Schlesinger  et  al.).  This  protection  may  be  due  to  antibody-dependent, 
complement  mediated  immune  cytolysis  of  cells  which  express  NSl  on  their  surface. 
Understanding  the  structure  and  function  of  NSl  is  important  to  develop  a  effective  vaccine 
against  dengue  virus  infection. 

b.  Analysis  of  NSl  Sequences  Among  Different  Flaviviruses. 

Comparison  of  the  primary  sequence  data  for  NS  1  from  the  various  flaviviruses  sequenced 
to  date  is  carried  out  by  the  homology  matrix  program  of  Pustell  and  Kafatos  (1984)  which  is 
commercially  available  from  International  Biotechnologies,  Inc.  (New  Haven,  Conn.).  This 
program  reveals  the  degree  of  homology  and  the  location  of  homologous  regions  between  two 
sequences  by  assigning  the  letters  A  to  Z  for  values  from  100-50%  or  to  any  minimum  value 
arbitrarily  set  (50%  in  Fig.5).  The  data  shows  that  dengue-2  NSl  bears  the  strongest  homology 
with  the  corresponding  polypeptides  from  dengue- 1  and  -4  and  least  homology  with  yellow  fever 
vims  NSl.  The  NSl  polypeptide  from  Japanese  Encephalitis  (JE),  Murray  Valley  Encephalitis 
(MVE),  West  Nile  vims  (WN)  showed  intermediate  homology  with  dengue-2  NSl.  NSl  coding 
region  also  contains  the  well-conserved  signal  sequence  of  the  type  Asn-X-SerA'hr  for 
glycosylation  which  are  marked  by  an  asterisk  in  Fig.  3.  In  addition,  a  third  potential  N-linked 
glycosylation  site  is  located  in  NSl  which  is  apparently  not  conserved.  Other  characteristic  features 
of  the  primary  stmeture  of  NSl  are  as  follows.  There  are  10  conserved  cysteine  residues,  five  of 
which  are  clustered  within  a  50  aa  stretch  from  aa  280  to  aa  330  relative  to  the  N-terminus  of  NS  1. 

c.  Hydropathy  Plots  of  NSl  from  various  Flaviviruses 

The  hydropathy  profiles  of  NS  I  proteins  from  various  flavivimses  were  compared.  Fig.  6 
shows  the  result.  Plots  show,  at  each  point,  the  mnning  averages  of  the  hydropathic  indices  of  9 
consecutive  amino  acids.  Points  above  the  line  indicate  hydrophobic  and  points  below  the  line, 
hydrophilic,  residues  (Kyte  and  Doolittle,  1982;  Pustell  and  Kafatos,  1984  ).  There  is  a  striking 
conservation  of  functional  domains  of  NS  1  such  as  the  C-terminal  hydrophobic  domain  which 
perhaps  functions  as  a  membrane  anchoring  domain  of  NSl.  The  region  of  NSl  plotted  in  this 


Fig.  6  is  from  amino  acid  residue  1-438  from  the  N-terminus  of  NSl.  Fig. 7  shows  the 
hydropathy  plot  of  the  entire  region  sequenced.  There  are  several  unique  structural  characteristics 
of  the  polyprotein  segment.  First,  the  hydrophobic  domain  at  the  C-terminus  of  E  glycoprotein, 
which  presumably  serves  as  the  N-terminal  signal  sequence  for  NSl  (Rice  et  al.,  1985).  This 
domain  is  highly  conserved  among  the  flaviviruses.  The  C-tcrminal  hydrophobic  domain  of  NSl  is 
followed  by  ns2a  and  ns2b  which  are  also  extremely  hydrophobic  and  highly  conserved,  although 
there  is  very  little  primary  sequence  homology.  The  coding  regions  for  ns4a  and  ns4b  are  also 
hydrophobic. 

d. Homology  of  Polyprotein  Segments  between  different  Flaviviruses 

Complete  or  almost  complete  nucleotide  sequence  of  two  flavivirus  genomes  have  appeared  in 
the  literature,  that  of  Yellow  Fever  virus  (Rice  et  al.  1985)  and  West  Nile  virus  (  Castle  et  al., 
1986).  Therefore,  it  was  possible  to  compare  the  sequence  of  dengue-2  virus  (New  Guinea  strain) 
we  have  so  far  obtained  with  these  two  viral  genomes  using  alignment  program  of  Protein 
Identification  Resource  system  facility  (Georgetown,  Washington,  DC). 

DEN-2  vs  WN :  The  amino  acid  s^uence  of  the  entire  polyprotein  segment  of  West 

Nile  virus  has  been  published  (Castle  et  al.,  1986).  Alignment  of  the  corresponding  region  of 
Den-2  sequence  with  that  of  West  Nile  virus  polyprotcin  revealed  the  regions  of  the  polyprotein 
that  are  highly  conserved  among  these  two  flaviviruses.  In  addition,  it  allowed  us  to  map  the 
region  of  the  cDNA  clones  which  we  sequenced.  The  alignment  data  is  shown  in  Figs.  8-10. 
The  alignment  is  broken  into  three  parts  for  convenience.  The  5'  most  sequence  of  Den-2  virus 
maps  in  the  C-terminal  region  of  E  and  contains  240  amino  acids  of  this  glycoprotein.  Fig.  6 
shows  that  there  are  many  conserved  regions  between  the  two  viral  genomes  in  the  NSl  region, 
although  this  homology  is  not  perfect  in  the  case  of  E,  except  in  the  C-terminal  hydrophobic 
domain  which  might  have  a  common  function.  The  least  homologous  regions  between  different 
flaviviruses  is  the  ns2a  and  ns2b,  followed  by  ns4a  and  ns4b  (Fig.  8).  On  the  other  hand,  NS3 
and  NS5  show  the  highest  degree  of  homology  (Figs.  9-10). 

Den-2  vs  YF:  Figs.  11-13  show  the  corresponding  alignment  data  between  Den- 

2  and  Yellow  fever  virus  genomes.  The  homology  between  Den-2  and  YF  is  less  striking 
compared  to  the  pair  of  Den-2  and  WN  viruses.  It  is  also  evident  from  the  homology  plot  by  the 
dot  matrix  program  in  the  NS  1  region  of  the  two  pairs  of  flavivirus  genomes  (Fig.  5  ).  This  data 
show  that  Den-2  is  closer  to  WN  virus  evolutionarily  than  to  YF  virus.  The  putative  cleavage  sites 
between  th**  viral  polyprotein  precursors  are  shown  as  curved  arrows  in  Figs  8-13.  These  sites 
are  essentially  conserved,  indicating  that  in  these  flaviviruses,  the  protein  processing  occurs 
through  a  common  mechanism. 

%  Homology  between  DEN-2,  YF  and  WN  viruses; 

From  the  alignment  data  shown  in  Figs.8-13,  it  was  possible  to  calculate  the  %  homology 
between  these  three  flaviviruses.  The  values  were  tabulated  as  the  %  of  identical  amino  acids 
within  a  coding  region  of  a  viral  polypeptide  (see  Table  2).  The  results  are  consistent  with  the 


homology  plots  using  dot  matrix  program  in  the  NSl  region,  as  well  as  the  alignment  data  between 
the  different  flavivirus  genomes  shown  in  Fig.  8-13. 

Section  II:  Expression  of  Dengue  Viral  Antigens  In  E.  coli 

a.  Rationale 

One  of  the  objectives  of  the  Contract  Proposal  is  to  express  the  dengue  viral  antigens  in  E. 
coli  to  produce  large  amounts  of  the  protein  and  to  produce  polyclonal  antibodies  against  these 
antigens.  To  meet  the  goal  of  the  proposed  project  on  time,  we  initiated  the  expression  of  the 
different  regions  of  the  cloned  cDNAs  encoding  different  viral  antigens.  Since  the  clone  pRP2 
encodes  the  C-terminal  domain  of  the  glycoprotein,  E ,  and  all  of  NSl,  we  used  this  clone  for  the 
expression  of  these  two  viral  antigens.  We  used  the  expression  vector,  pMRlOO  developed  by 
Rosbach  (  )  to  produce  a  fusion  protein  to  E.  coli  P-  galactosidase.  The  advantage  of  this  system 
is  that  it  is  easy  to  screen  the  recombinants  containing  the  expressing  region  fused  to  the  protein 
coding  region  of  P-galactosidase.  The  transformants  are  grown  on  an  indicator  plate  containing 
McConkey  agar  in  the  presence  of  an  inducer  such  as  lactose,  because  the  hybrid  gene  encoding  a 
segment  of  dengue  viral  antigen  and  the  p-galactosidase  is  placed  under  the  control  of  lac 
promoter.  The  clones  which  are  expressing  the  fusion  protein  are  seen  as  red  colonies.  Another 
advantage  of  this  system  is  that  the  fusion  proteins  can  be  purified  by  an  affinity  column  in  two 
steps  to  near  homogeniety. 

b.  Experimental 

1.  Expression  of  E  and  NSl  epitopes 

The  strategy  used  for  expression  is  shown  in  Fig.  14.  The  vactor  pMRlOO  tandem  copies 
of  lac  promoter,  a  polylinker  cloning  site  and  a  complete  coding  sequence  of  p-galactosidase. 
pMRlOO  is  an  out-of  frame  expression  vector,  so  that  no  P-galactosidase  is  made  from  the  E. 
coli  strain  LG90  transformed  by  this  plasmid.  piVIR200  is  an  in-frame  expression  vector  and 
active  enzyme  is  made  from  the  transformed  cells.  An  insertion  of  an  open  reading  frame  DNA 
can  restore  the  reading  frame  of  P-galactodsidase  in  pMRlOO  and  produce  an  active  enzyme  in  a 
theoretical  frequency  of  30%.  First,  pRP2  clone  was  digested  with  either  PstI  or  Hindlll  and  the 
DNA  fragments  were  purified  on  a  gel  It  was  then  treated  with  the  exonuclease  Bal31  to  randomize 
the  ends  so  that  about  30%  of  the  DNA  molecules  will  be  able  to  restore  the  reading  frame  of  P- 
galactosidase  in  pMRlOO.  Transformation  gave  rise  to  several  red  colonies  which  were  picked 
and  screened  by  restriction  enzyme  cleavage,  as  well  as  by  SDS-  10%  polyacrylamide  gels  to 
detect  the  synthesis  of  fusion  protein.  The  region  of  Den-2  RNA  chosen  for  expression  (Hindlll  or 
PstI  fragment  in  Fig.  14)  contains  the  coding  sequence  for  both  the  C-terminal  E  glycoprotein  and 


'.•he  N-terminal  NSl.  Therefore,  if  the  Bal31  digestion  was  not  extensive,  the  fusion  construct  is 
likely  to  have  the  coding  sequences  for  both  the  antigens. 

2.  Immunoblots  of  fusion  constructs  containing  E  and  NSl  epitopes 

Five  red  colonies  were  analyzed  by  SDS-PAGE  and  Western  blots  using  the  polyclonal 
hyperimmune  mouse  ascites  fluid  raised  against  the  dengue-2infected  suckling  mouse  brain 
homogenate,  polyclonal  anti-P-galactosidase,  monoclonal  anti-E  antisera  (4G2)  or  the  monoclonal 
anti-NSl,3E9.  SDS-PAGE  showed  that  the  sizes  of  the  fusion  proteins  were  slightly  smaller 
than  the  p-galactosidase  marker,  although  the  recombinant  expression  plasmid  had  cDNA  inserts, 
suggesting  that  the  fusion  protein  had  undergone  degradation  to  a  more  stable  limit  product  in  E. 
coli.  The  levels  of  these  limit  products  were  very  high.  In  order  to  test  whether  these  fusion 
polypeptides  have  the  epitopes  recognized  by  the  dengue  viral  antigen-specific  antibodies  or  the 
polyclonal  anti-P-galactosidase  antibodies.  Western  blot  analyses  were  carried  out. 

Fig.  15  shows  the  Western  blot  in  which  the  polyclonal  anti-p-gal  antibodies  were  used. 
Lanes  1-5  contained  clones,  #3,  8,  10,  16  and  3R  expressing  fusion  proteins  which  had  undergone 
degradation  to  a  stable  limit  product.  Lanes  6-8  show  the  p-gal  marker  protein  Lane  9  contained 
an  extract  from  clone  16.  This  result  showed  that  the  fusion  protein  contained  the  epitopes  of  p- 
gal  as  expected.  Next,  these  fusion  proteins  were  reacted  with  the  monoclonal  anti-E  antibody, 
4G2  (Fig.l6)  All  the  fusion  constructs  reacted  with  this  antibody  (lanes  3-7),  although  there  was 
some  non-specific  reaction  because  P-gal  also  showed  some  reactivity  (lanes  1,2,8  and  9). 
However,  these  clones  did  not  show  any  reactivity  towards  3H5,  a  different  anti-E  monoclonal 
antibody  (Fig.  17).  When  these  fusion  proteins  were  reacted  with  the  anti-monoclonal  NSl 
antibody  ,  3E9,  (Fig.  18),  only  four  fusion  proteins,  clone  8  (lane  4),  clone  16  (lane  5),  clone 
3R  (lane  6),  and  clone  3  (lane  7)  reacted.  Clone  #10  did  not  react  with  this  antibody.  This 
monoclonal  also  showed  some  non-specific  reactivity  against  P-gal  protein  (lanes  1,2,  3,  and  9). 
Fig.  19  shows  the  immunoblot  in  which  the  polyclonal  mouse  hyperimmune  ascites  fluid  was 
used.  Only  the  clones  3R  and  16  showed  positive  signal  (lanes  3  and  6).  It  is  rather  surprising 
that  the  polyclonal  reacted  with  only  two  clones,  whereas  the  NSl  monoclonal  reacted  with  four 
clones  and  E  monoclonal  reacted  with  all  five  fusion  proteins.  Further  analysis  with  these 
monoclonals  are  necessary  to  confirm  and  explain  this  observation.  It  is  possible  that  reactivity 
with  these  monoclonals  may  not  be  specific. 

3.  Purification  of  fusion  proteins  by  affinity  chromatography 

The  fusion  proteins  containing  E  and  NSl  epitopes  were  purified  by  affinity  chromatography 
using  p-aminopropyl  1-thio-P-D-galactopyranoside  covalently  linked  to  agarose  as  the  affinity 
matrix  (Sigma  Chemical  Co.).  The  E.  coli  cell  lysate  containing  the  fusion  protein  was  partially 
fractionated  by  ammonium  sulfate  precipitation  (50%  saturation).  Subsequent  to  a  dialysis  step  to 


remove  ammonium  sulfate,  the  proteins  were  passed  through  an  agarose  affinity  column  as 
'described  (  Germino  et  al.,  1983).  SDS-PAGE  analysis  of  the  affinity-purified  fusion  protein 
showed  that  it  was  greater  than  95%  pure  (see  Fig.  20,  lane  4  and  8).  Lanes  1  and  5  contained  the 
size  markers,  lanes  2  and  6  contained  partially  fractionated  fusion  proteins  3R  and  16,  respectively 
before  passing  through  the  affinity  column,  and  lanes  3  and  7  contained  the  pass-through  fraction 
from  the  affinity  column.  The  affinity-purified  proteins  3R  and  16  were  used  to  immunize  rabbits 
to  produce  polyclonal  antisera  against  the  putative  E  and  NSl  epitopes  present  in  3R  and  16 
proteins.  A  high  titer  polyclonal  antisera  against  the  fusion  protein  from  clone  16  has  been 
obtained. 

4.  DNA  sequence  analysis  of  the  E-NSl  fusion  constructs 

In  order  to  determine  the  exact  region  of  E  and  NSl  inserted  into  pMRlOO  vector  to  give  rise  to 
expressing  clones,  it  was  necessary  to  carry  out  DNA  sequence  analysis  of  the  dcngue-2  cDNA 
inserts  after  releasing  them  from  pMRlOO  vector.  The  inserts  were  released  by  digesting  with 
BamHI,  3'-labeled  and  sequenced  after  cutting  with  a  second  restriction  enzyme.  The  sequence 
analysis  was  carried  out  by  Maxam-Gilbert  method.  From  the  nucleotide  sequence  the  amino  acid 
sequence  of  the  coding  region  for  the  dengue  antigen  was  deduced.  They  are  shown  in  Fig.  21. 
The  hydropathy  plot  of  the  region  of  E  and  NSl  present  in  3R  and  16  shows  that  there  is  a  strong 
hydrophobic  domain  present  in  this  region  (Fig.  22),  which  might  explain  the  instability  of  this 
region  when  expressed  in  E.  coli. 

4.  Expression  of  N-terminal  segment  of  NS3  protein  in  E.  coli 

Similar  approach  was  taken  to  express  the  N-terminal  region  of  NS3  protein  of  Dengue-2 
virus.  pVVl  clone  (see  Fig.  1  for  the  location  of  the  cDNA  with  respect  to  the  viral  genome), 
which  contained  the  coding  sequence  for  the  N-terminal  region  of  NS3  polypeptide  was  digested 
with  PstI  to  release  a  1 .4  kb  insert.  It  was  then  digested  with  Xhol  to  give  rise  to  a  0.9  kb  and  a 
i).5  kb  fragments  which  were  separated  by  electrophoresis  on  agarose  gel.  Each  fragment  was 
individually  dige.sted  with  Bal31  and  cloned  at  the  Smal  site  of  pMRlOO  (see  Fig.  14).  Red 
colonies  were  picked  and  analyzed  by  SDS-PAGE  and  Western  blotting  technique  using  the 
polyclonal  anti-p-gal  or  mouse  hyperimmune  ascites  fluid  antibodies.  The  results  are  shown  in 
Figs.  23-25.  Fig.  23  shows  the  SDS-PAGE  analysis  of  the  red  colonies  picked  from 
McConkey  agar  plates.  Lanes  1  contained  the  size  markers,  and  2  &8  contained  the  control  cell 
extract  from  E.  coli  LG90  transformed  by  pMR200  vector  alone.  The  band  shown  by  an  arrow  in 
this  lane  is  the  116kDa  p-galactosidase.  Lanes  3  and  4  are  clones  generated  from  the  0.5  kb 
XhoI-PstI  fragmentand  the  lanes  5-7,  and  9&10  contained  the  clones  3,4,5 ,6  and  7  respectively, 
generated  from  the  0.9  kb  XhoI-PstI  fragment  by  Bal  3 1  digestion.  Fig.  24  shows  the  Western 
blot  of  the  same  type  gel  containing  the  samples  applied  in  the  same  order.  The  antisera  used  was 
the  polyclonal  anti-P-galactosidase  antibody.  It  can  be  seen  that  lanes  3-7  and  9  &  10  all  contained 


fusion  protein  toP-galactosidase  and  hence  larger  than  the  parent  protein  in  lanes  1,2  and  8.  Fig. 
25  shows  the  Western  blot  of  the  expression  clones  [  see  lane  3  (clone  PMl),  lane  4  (PM2),  lane 
5  (PM4),  lane  6  (PM5),  lane  7  (PM6),  and  lane  8  (PM7)  ]  all  react  with  the  polyclonal  mouse 
hyperimmune  ascites  sera. 

5.  Expression  of  C-terminal  domain  of  NS3  in  E.  coli. 

Similar  approach  was  taken  to  express  the  C-terminal  domain  of  NS  3  in  E.  coli.  The  cDNA 
clone  #505  was  digested  with  EcoRI  which  cleaves  at  nucleotide  no.  3948  and  4675  of  the 
composite  sequence  shown  in  Fig.  2  (see  also  for  the  location  of  EcoRI  site)  and  the  EcoRI 
fragment  was  digested  with  Bal  31.  Another  cDNA  clone  A4  (see  Fig.l)  which  contains  the 
coding  sequence  of  NS5  was  first  digested  with  PstI  to  release  the  1.7  kb  cDNA  insert  , 
subsequently  digested  with  Ndel  to  give  rise  to  two  fragments  about  700  bp  and  a  1  kb  fragments. 
In  addition,  the  I  kb  fragment  was  digested  with  AccI  and  EcoRI  to  get  a  400  bp  fragment.  The 
DNA  fragments  were  purified  by  agarose  gel  and  subsequently  digested  with  Bal  31.  The  Bal  31 
digests  were  then  ligated  to  pMRlOO  at  Smal  site.Several  red  colonies  were  screened  for  inserts 
and  for  fusion  protein  by  SDS  page  as  shown  in  Fig.  23.  Fig.l  shows  the  location  of  the 
various  expression  clones  with  respect  to  the  cDNAs  #505  and  A4.  Fig.  26  shows  the  Western 
blot  of  the  clones  generated  from  this  experiment.  Lane  1  contained  the  control  pMR200- 
transformed  E.  coli  LG90  extract.  Lanes  2-10  contained  EBn-12  (from  #505,  C-terminal  NS3), 
NBIV-5,  NBIV-8,  AEI-12,  AEI-18,  AEI-21,  AEII-32,  AEII-33,  and  AEII-34,  respectively. 
Several  fusion  proteins  were  made  in  E.  coli  but  they  undergo  degradation  to  limit  size  similar  to 
that  of  p-galactosidase.  Fig.  27  shows  another  Western  blot  containing  additional  clones 
screened  using  anti-P-gal  antibody.  Lane  1  again  contained  the  control  as  in  Fig.26,  and  lanes  2- 
10  contained  the  clones  NBIV-7,  NBIV-10,  AEI-17,  AEI-19,  AEI-20,  AEII-25,  AEn-28,  AEII- 
30,  AElI-31,  respectively.  It  is  seen  from  these  experiments  that  the  fusion  proteins  expressed 
from  this  region  of  NS3  and  NS5  were  unstable  in  E.  coli  and  underwent  degradation.  We  wanted 
to  investigate  whether  the  degradation  of  the  fusion  proteins  could  be  prevented  by  expressing 
these  clones  in  E.  coli  JM109  in  which  lac  promoter  is  tightly  repressed  by  lac'9  mutation  causing 
an  overproduction  of  lac  repressor.  Therefore,  the  expression  of  fusion  proteins  can  be  controlled 
by  the  addition  of  the  inducer  IPTG.  Fig.  28  shows  a  Western  blot  of  the  expression  clones, 
lanes  2-10.  The  level  of  expression  of  a  selected  few  were  compared  in  E.  coli  LG90  and  JM109. 
Lanes  2-4  contained  the  the  clone  EBII-12  in  LG90  (lane  2),  JM109  in  the  absence  or  presence  of 
lPTG(lancs  3  and  4).  The  clone  AEI-18  in  LG90  (lane  5)  or  JM109  in  the  absence  or  presence  of 
of  IPTG  (lanes  6  &  7)  was  also  examined.  Lanes  8  and  9  contained  the  control  transformants 
obtained  with  pMRlOO  and  lane  10  contained  LG-90  transformed  by  the  clone  AEII-27.  The 
results  show  that  transfer  of  plasmids  to  JM109  had  no  significant  effect  on  the  degradation, 
suggesting  that  this  regions  might  be  inherently  unstable  in  E.  coli.  The  expression  clone  EBn-12 
(Fig.26,  lane  2),  and  AEII-32  (Fig.  26,  lane  8)  were  chosen  for  further  purification  and 
characterization.  Western  blot  using  the  polyclonal  mouse  hyperimmune  ascites  fluid  showed  that 
these  two  clones  were  immunoreactive  (data  not  shown). 


12 


Legend  to  Figures 

Fig.  1:  The  map  of  the  region  sequenced  indicating  the  locaticMi  of  the  various  clones  either 
isolated  in  our  laboratory  or  at  WRAIR  (pRP2).  The  terminus  of  pRP2  at  the  left  extreme  includes 
240  amino  acid  coding  region  of  E  glycoprotein.  The  clone  B2  maps  about  526  amino  acids  into 
NS5. 

Fig.  2:  The  strategy  for  sequencing  pRP2  clone.  The  dotted  arrows  indicate  dideoxy 

sequencing  method  used  for  sequencing  and  solid  arrows  indicate  Maxam-Gilbert  method.  The 
arrowhead  indicates  the  direction  of  sequencing  and  the  length  of  the  arrow  indicates  that  of  the 
region  sequenced.  The  letters  over  the  horizontal  lines  denote  the  restriction  enzyme  cleavage  sites 
on  the  cDNA  coding  for  NSl.  B=BamHI;  E=  EcoRI;  P=  PstI;  H=  Hindlll; 

Fig.  3  :  The  composite  sequence  of  several  clones  sequenced.  The  total  length  is  7448 
nucleotides. 

Fig.  4:  The  amino  acid  sequence  deduced  from  the  nucleotide  sequence.  There  is  one  long 

open  reading  frame  for  the  entire  length  of  the  region  sequenced. 

Fig.5:  Homology  of  NSl  region  among  various  flaviviruses.  The  dot  matrix  program  of 

Pustell  and  Kafatos  (1984)  was  used.  The  amino  acid  sequences  of  NS  1  from  Yellow  fever  (Rice 
et  al.,  1985),  Dengue  1  (Dr.  Peter  Mason),  Dengue  4  ( Dr.  Lai ),  Japanese  Encephalitis  (McAda  et 
al.,  1987),  Murray  Valley  encephalitis,  MVE  (Dalgamo  et  al.,  1986,  West  Nile  fever  (Castle  et  al., 
1986),  The  minimum  homology  value  for  these  plots  is  arbitrarily  set  at  50%.  The  degree  of 
homology  is  indicated  by  letters  A-U.  The  assigned  range  in  this  case  is  3.  The  amino  acid  residues 
are  evaluated  in  overlapping  groups  whose  size  is  set  by  the  variable  (range),  which  is  the  number 
of  residues  on  either  side  of  the  central  residue  included  in  the  group. 

Fig.6:  Hydropathy  profiles  of  the  NSl  proteins.  Plots  show  at  each  point,  the  running 

averages  of  the  hydropathic  indices  of  9  consecutive  amino  acids.  Points  above  the  line  indicate 
hydrophobic  and  points  below  the  line,  hydrophilic  residues  (Kyte  and  Doolittle,  1982;  Pustell 
and  Kafatos,  1984).  YF,  yellow  fever;  Den- 1-4,  dengue- 1-4;  JE:  Japanese  Encephalitis;  MVE: 
Murray  Valley  Encephalitis;  WN:  West  Nile  fever  virus.The  region  of  NS  1  plotted  in  this  diagram 
was  from  amino  acid  residue  1-438. 

Fig.  7:  Hydropathy  profile  of  the  total  amino  acid  sequence  shown  in  Fig.  4. 

The  parameters  chosen  were  the  same  as  described  in  Fig.  6.  The  total  amino  acid  sequence  of 
deduced  from  all  the  cDNA  clones  so  far  sequenced  is  shown  in  Fig.4. 
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Fig.  8-10:  Alignment  of  Den-2  sequence  with  WNV  in  the  corresponding  region.The 

alignment  program  of  Protein  Identificadon  Resource  System  Facility  (Georgetown,  Washington 
DC.)  was  used. 

Fig.  11-13:  Alignment  of  Den-2  with  YF.  Same  as  in  Fig.  8-10,  except  that  Den-2  and 

YF  were  compared. 

Fig.  14:  Strategy  for  expression  of  Dengue-2  open  reading  frame  DNA. 

The  pMRlOO  vector  is  an  out  of  frame  vector  which  makes  no  detectable  level  of  p- 
galactosidase  in  E.  coli  transformed  by  this  plasmid.  However,  when  a  open  reading  frame  DNA 
whose  ends  are  randomized  by  Bal  3 1  digesdon  is  inserted  into  the  polylinker  site  in  the  vector,  the 
frequency  of  restoring  the  reading  frame  of  the  vector  theoretically  becomes  30%.  The  expressing 
clones  are  selected  by  pladng  the  transformants  onto  a  McConkey  agar  plate. 

Fig.  15:  Western  blot  of  the  expressing  clones. 

The  clones  were  grown  and  the  bacteria  were  lysed  and  loaded  on  a  10%  polyacrylamide  gel 
and  electrophoresed.  The  protein  bands  were  transferred  to  a  nitrocellulose  filter  paper  and  blocked 
with  milk  and  reacted  with  first  the  primary  andbody  (anti-P-gal  in  this  case),  followed  by  a 
second  antibody  conjugated  to  alkaline  phophatase.  The  latter  was  detected  using  a  chromogenic 
substrate. 

Fig.  16:  Western  blot  using  monoclonal  and-E  andbody  (4G2). 

The  conditions  were  the  same  as  in  Fig.  15  except  the  primary  antibody  is  different. 
Lanel=pMR200;  lane  2=  pMRlOO;  lanes  3-7,  clones  3R,  3,  16,  8,  10;  lane  8=pMR200;  lane 
9=purified  P-gal;  lane  10=  size  markers. 

Fig.  17:  Western  blot  using  monoclonal  and-E  antibody  (3H5). 

The  conditions  were  same  as  in  Fig.  16,  except  the  monoclonal  antibody  was  3H5  which  is 
specific  to  a  different  epitope  of  E  glycoprotein. 

Fig.  18:  Western  blot  using  and-NSl  monoclonal  andbody  (3E9). 

The  conditions  were  same,  except  that  the  and-NSl  monoclonal  was  used,  lanes  1  -9  contained, 
pMR200,  purified  p-gal  from  pMR2()0-transformed  cells,  E.  coli  extract  transformed  by 
pMRlOO,  clone  8,  clone  16,  clone  3R,  clone  3,  clone  10  and  pMR200  control. 

Fig.  19:  Western  blot  using  polyclonal  mouse  hyperimmune  ascites  fluid 

The  lanes  1-8  contained,  p-gal,  clone  16,  clone  10,  pMRlOO,  clone  8,  clone  3R,  clone  3, 
pMR200. 


Fig.  20:  Purification  of  fusion  proteins  from  16  and  3R  using  affinity  column 
chromatography. 

The  affinity  column  matrix  was  p-aminopropyl-l-thio-P-D  galactopyranoside  (Sigma 
Chemical  Co.).  The  E.  coli  cell  extract  was  prepared  and  partially  purified  by  ammonium  sulfate 
precipitation.  It  was  then  passed  through  an  affinity  column  and  eluted  from  the  column  using  a  pH 
10  buffer.  Lanes  1  and  5=  size  markers,  lanes  2  &  6,  ammonium  sulfate  fraction;  lanes  3  &  7  pass 
through  fraction;  lanes  4  &  8  =  the  column  purified  material;  lane  4=clone  16;  lane  =clone  3R. 

Fig.  21 :  Deduced  amino  sequence  of  fusion  protein  from  E  and  NS  1. 

The  cDNA  insert  into  pMRKX)  to  give  rise  to  a  fusion  construct  which  express  a  limit  product 
in  E.  coli  was  characterized  by  DNA  sequence  analysis  to  determine  the  length  and  amino  acid 
sequence  of  the  portion  of  dengue-2  E  and  NSl  antigenic  domains. 

Fig.  22:  Hydropathy  profile  of  the  E  and  NSl  fusion  polypeptides 

The  two  expressing  clones  3R  and  16  which  presumably  antigenic  region  of  E  and  NSl  fused 
to  P-gal  was  analyzed  for  their  hydrophobicities.  There  is  a  prominant  hydrophobic  region  in  each 
expressing  clone  which  might  be  contributing  to  the  instability  of  the  fusion  proteins  which  got 
degraded  to  a  limit  size. 

Fig.  23.  SDS-PAGE  analysis  of  NS3  Expression  clones. 

The  NS3  region  was  expressed  in  pMRKX)  vector  as  described  in  the  text.  The  clones  were 
analyzed  by  SDS-PAGE.  Lanes  1-10  contained  protein  size  markers,  pMR2(X)  extract,  clones 
PM1-NS3,  PM2-NS3,  PM3-NS3,  PM4-NS3,  PM5-NS3,  pMR200  extract,  PM6-NS3,  and 
PM7-NS3,  respectively. 

Fig.  24.  Western  blot  of  NS3  expression  clones  using  polyclonal  anti-  P-gal 

antibody 

Western  blots  were  carried  out  as  described  in  Fig.  15.  Lanes  1-10  contained,  protein  size 
markers,  pMR200  extract,  PMI-NS3,  PM2-NS3,  PM3-NS3,  PM4-NS3,  PM5-NS3,  pMR200 
extract,  PM6-NS3  and  PM7-NS3,  respectively.The  fusion  protein  migrates  slower  than  the  P-gal 
band  in  lanes  l,2,and  8. 

Fig.  25.  Western  blot  of  NS3  expression  clones  using  polyclonal  mouse 
hyperimmune  ascites  fluid. 

Western  blot  was  carried  as  described  before.  Lanes  1-9  contained  pre-stained  protein  size 
markers,  pMR200  extract,  PM1-NS3,  PM2-NS3,  PM4-NS3.  PM5-NS3,  PM6-NS3,  PM7-NS3, 
and  p-gal  (purified  from  pMR2(X)  transformed  E.  coli). 
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Fig.  26.  Western  blot  of  NS3  and  NS5  expression  clones. 

Western  blot  was  carried  out  as  described  in  Fig.  15.  The  antibody  used  was  anti-P-gal 
antibody.  The  lanes  1-10  contained  the  extracts  from  fusion  constructs,  AEII-34,  AEII-33,  AEII- 
32,  AEI-21,  AEI-18,  AEI-12,  NBIV-8,  NBIV-5,  EBn-12  (NS3  region),  and  p-gal  control, 
respectively.  NB  and  AE  refer  to  the  fragments  generarcd  from  NS5  coding  region  by  Ndel-PstI 
(1  kb  fragment )  or  AccI-EcoRI  double  digestion  of  A4  cDNA  clone  of  Den-2. 

Fig.  27.  Western  blot  of  NS3  and  NS5  expression  clones. 

Western  blot  was  carried  out  as  described  in  Fig.  26.  The  lanes  1-10  contained  the  extracts 
from  the  fusion  constructs  (all  from  NS5  coding  region),  AEn-31,  AEII-30,  AEII-28,  AEIl-25, 
AEI-20,  AEI-19,  AEI-17,  NBFV-IO,  NBrV-7,  and  P-gal  from  pMR2(X)  extract,  respectively. 

Fig.  28.  Western  blot  of  NS3  and  NS5  expression  clones  in  LG90  or  JM109. 

Anti-P-gal  antibody  was  used.  The  expression  plasmids  from  NS3  and  NS5  regions  were 
transferred  from  the  original  strain  of  LG90  to  JM109  in  order  to  compare  the  stability  of  the 
fusion  proteins  expressed  from  these  two  strains  by  Western  blot.  The  lanes  1-10  contained 
extracts  prepared  from  E.  coli  transformed  by  the  clones,  AEII-27  (LG90),  pMRlOO  extract  from 
JM109  transformed  cells  (-IPTG,  white  colony),  pMRlOO  extract  from  JM109  transformed  cells  (- 
IPTG,  red  colony,  possibly  a  revertant),  AEI-18  (JM109,  +IPTG),  AEI-18  (JM109,  -IPTG),  AEI- 
18  (LG90),  EBn-12  (JM109,+IPi’G),  EBII-12  (JM109,  -IPTG),  EBIM2  (LG90),  and  p-gal 
control,  respectively. 

Legend  to  Tables 

Tablel.  Southern  hybridization  of  cDNA  clones  using  specific  probes. 

Den2  cDNA  clones  isolated  in  our  laboratory  were  screened  using  the  well-characterized 
cDNA  clones,  pRP2,  pVV9,  pVVl  and  pVV17.  A  +  sign  indicates  a  positive  signal.  From  this 
result,  clone  #505,  A4  and  B2  were  picked  for  sequence  analysis. 

Table2.  Homology  between  Den2:YF  and  DEN2:WNV 

The  values  are  expressed  as  %  calculated  from  the  number  of  identical  amino  acids  and  the  total 
number  of  amino  acids  present  in  a  particular  coding  region.  The  coding  regions  are  indicated  by 
bent  arrows  in  Figs.  8-10  for  the  various  structural  and  non-structural  proteins.  The  partial  coding 
region  for  E  was  not  taken  for  the  homology  index;  however,  the  partial  coding  region  for  NS5 
was  taken  because  we  have  sequenced  a  portion  of  it. 
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K  16 

L  region 

D;:\'2  :  QEGAMHTALTGATEIQMSSGNLI.RGH^KCRLR'IDKLQLKGMSYSMCTGKFKWKEIAETQHGTIVIRVQYEGDGSPCKIP 

DE\2  82  FEIMDLEKRBVLaRIiITVNPIVTEKDSPVKIEAZPPFGDSyillCVZPCQLKLNWFKlCGSSXGQMIETTMRCAK 

DtN2  156  RMAILGDTANDFGSHEECLTSIGKALBQVFGAIYGAAFSGVSHIMKILIGVIITWIGMNSRSTSLSVSLVLVGV 

NS  1  reg ;  on 

0Ei:2  2V0  VTLyLaVMVQAOSGCWSWKNKELKCGSGIFITDHVBTHTEQyKFQPESPSRI.ASAIQKAaEEGICGIRSVTRL 

DEN2  324  ENLMWKQITPELNBILSENEVKLTIMTGDIKGIHQAGKRSLQPQPTELKySWKTWGKAKHLSTESHN  369 


3R 

-»E  region 

"EN,.  QEGAMHTALTGATFIQMSSGNLLFTGBLKCRLRMDKLQLKGMSysMCTGKFKWKEIAETQBGTIVIRVQyEGDGSPCKIP 

EEN2  81  FEIMDLEKRBVLGRLITVNPIVTEKDSPVNIEAEPPFGDSyillGVEPGQLKLNWFKKGSSICQHIETTMRGAKRMAIL 

2EN2  1 61  GDTAWDFGSWEECLTSIGKALBQVFGAiyGAAFSGVSWIMKILIGVIITWIGMNSRSTSLSVSLVLVGWTLyLGVMVQ 

NSl  region 

;;EN.  242  ADSGCWSWKNKELKCGSGIFITDNVBTWTEQyKFQPESPSKLASAIQKABEEGICGIRSVTRLENLMWKQITPELNHI 

:)E\2  319  LSENEVKLTIMTGDIK  334 


37 


Fig.  27 


i 


I 


& 


43 


Table  2 


Homology 

between 

DEN2 ; YF  and 

DEN2 ; WNV 

Coding 

Identical _ 

A-  Total _ a.a 

_ homology 

region 

X£ 

WNV 

YF 

WNV 

NSl 

152 

213 

410 

37 

52 

ns2a 

26 

25 

160 

16 

16 

ns2b 

42 

31 

128 

33 

24 

NS3 

298 

367 

619 

48 

59 

ns4a 

102 

123 

286 

36 

43 

ns4b 

38 

33 

112 

34 

29 

NS5  (partial  seq.)  308 

326 

526 

59 

62 
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